The articular cartilage in the setting of a diseased articular environment has very poor regenerative capacity. Thus, clinical and laboratory research aimed at biological approaches to repair cartilage injury using growth factors provides promise for the treatment of disabling articular cartilage disease. Growth factors are naturally occurring substances-often proteins or steroid hormones-that are capable of stimulating cellular differentiation, growth or proliferation while serving an important role in regulating various cellular processes. Numerous growth factors have quantitative and temporal effects on articular cartilage growth including transforming growth factor-β1 (TGF-β1), bone morphogenetic protein-2 and -7, insulin growth factor-1, fibroblast growth factor-2 and -18 (FGF-2, FGF-18), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), and platelet-derived growth factor (PDGF). Many of these factors are found stored in the α-granules of platelets, including VEGF, TGF-β, EGF, FGF, and PDGF. Independently, these factors serve to promote local angiogenesis, modulate inflammation, inhibit catabolic enzymes and cytokines, recruit local stem cells and fibroblasts to sites of damage or injury, and induce healthy nearby cells to manufacture greater numbers of growth factors. 1 In combination, these proanabolic and anticatabolic effects attempt to return injured or diseased articular cartilage to its preinjury state. Platelet-rich plasma (PRP) is a sample of plasma with a supraphysiological concentration of platelets manufactured to harness and unleash these anabolic effects on injured or diseased cartilage in
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Abstract
Clinical and laboratory research aimed at biological approaches to cartilage repair are currently in high demand due to the poor regenerative capacity of articular cartilage in the setting of a diseased articular environment. Platelet-rich plasma (PRP) takes advantage of supraphysiological concentrations of platelets and their growth factors harbored in α-granules, which together attempt to return the diseased articular cartilage to a preinjury state. The local use of PRP directly at the site of cartilage injury is thought to stimulate a natural healing cascade and accelerate the formation of cartilage repair tissue. This article provides an overview of the basic science behind the use of PRP in the treatment of cartilage injury and disease. Both initial and current examples of the use of intra-articular PRP in clinical human studies are provided. These include the use of PRP either alone or as an augmentation device with various other procedures, including arthroscopic microfracture and cell-free resorbable polyglycolic acid-hyaluronan implantation. Finally, the authors describe some of the potential future roles of PRP in clinical settings based on recent literature. These include Achilles tendon rupture, chronic tendinosis, chronic rotator cuff tendinopathy or tearing, muscle injury, and meniscal repair.
an effort to augment cartilage regeneration. Platelets and their associated cytokines and growth factors comprise the workhorse of the biological mixture, although the plasma contains valuable biological molecules also involved in injury repair.
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Basic Science behind Platelet-Rich Plasma
Osteoarthritis is a chronic degenerative joint disease in which the catabolic activity that becomes favored within chondrocytes leads to eventual articular cartilage wear. 2 Cartilage has an extremely limited ability for self-repair given its avascularity
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; thus, the traditional inflammatory repair process does not contribute to the healing response in the setting of cartilage injury as it has no means to travel to the locally affected tissue. The rationale for the use of PRP is that the supraphysiological release of platelet-derived factors at the direct site of cartilage injury or disease can stimulate the natural healing cascade and tissue regeneration. 4 Platelet activation leads to a release of the aforementioned growth factors and hundreds of others from its α-granules to promote cartilage matrix synthesis, increase cell growth, migration, and phenotype changes, and facilitate protein transcription within chondrocytes. 5, 6 The chemoattractants stored in platelets draw proteins, such as fibrinogen and fibrin, the latter of which acts as an initial scaffold for stem cells to migrate and differentiate. Generally, basic science evidence has demonstrated the ability of PRP to increase mesenchymal stem cell and chondrocyte proliferation, deposit type II collagen and proteoglycan. 7, 8 This in theory may accelerate the formation of cartilage repair tissue. The abundance of platelets in PRP increases the concentrations of relevant substances locally leading to a sustained effect on articular cartilage. The transcription of many degradative cytokines including interleukin-1β, tumor necrosis factor-α, and interleukin-6 are under the upstream control of nuclear factor KB (NF-KB), and the α-granule contents in platelets inhibit this catabolic pathway on the downstream end and prevent the otherwise detrimental effects on articular cartilage changes in the process of osteoarthritis.
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Activated PRP increases in vitro levels of hepatocyte growth factor, which enhances cellular IkBα expression and subsequently disrupts the NF-KB transactivating activity. It does so via NF-KB-p65 subunit cytosolic retention and nucleocytoplasmic shunting, thus decreasing its downstream proinflammatory effects.
12 PRP additionally has antinociceptive and anti-inflammatory properties, which result from the ability of PRP to decrease synoviocyte matrix metalloproteinase-13 expression as shown in cartilage explant studies, which would otherwise have a primary role in cartilage matrix degradation while undergoing osteoarthritic changes. The same research demonstrated significantly increased hyaluronan synthase-2 expression in PRP-treated samples, which is an enzyme known to produce large hyaluronic acid (HA) isoforms and thus contribute to the cartilage construct (►Fig. 1). 11 Of final note, PRP decreases the expression of cyclooxygenase-2 and chemokine-receptor CXCR4 target genes which may regulate local inflammation when used in the setting of articular cartilage injury.
osteoarthritis therapy. 
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Gobbi et al 4 treated 50 patients with knee osteoarthritis using two intra-articular injections of autologous PRP and reported significant improvements in all outcome scoring scales at both 6-and 12-month follow-up with 100% return to previous activities. These results were irrespective of whether or not the patients had undergone previous operative intervention for cartilage lesions (cartilage shaving and/or microfracture). Role of PRP in Articular Cartilage Injury and Disease Mascarenhas et al. 7
histological analysis of biopsy tissue showing potential regeneration of hyaline-like cartilage. Recently, the senior author (B.J.C.) published a promising technique using micronized allogeneic articular cartilage combined with PRP as a scaffold and adjunct to traditional microfracture surgery (BioCartilage, Arthrex, Inc., Naples, FL).
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Future Roles for Platelet-Rich Plasma in Treating Cartilage Disease
Cartilage damage can take place secondary to both acute and chronic processes. Acute traumatic injury to articular cartilage can create focal chondral loss and potentially lead to a more widespread osteoarticular problem. By contrast, chronic joint stress over a prolonged period of time may lead to eventual widespread inflammatory chondral degradation and osteoarthritis. Most studies evaluating PRP have evaluated its use within the setting of uniform cartilage degeneration as seen in osteoarthritis. While relatively devoid from the literature in human clinical studies, animal studies have evaluated the proposed effect of PRP on focal osteochondral defects (►Fig. 2). Sun et al 3 evaluated the treatment of large osteochondral defects created in the patellofemoral groove of rabbit models with treatment arms consisting of PRP in a polylactic-glycolic acid (PLGA), PLGA alone, or no treatment. The authors reported no significant differences between the PRP and untreated groups in terms of macroscopic examination, microcomputed tomography (larger amount of subchondral bone formation) and histological changes of the newly formed bone and cartilage within the defect after 12 weeks. With the knowledge of the efficacy of PRP in younger cohorts, future clinical evaluations of the use of PRP with younger patients sustaining acute osteochondral defects would be valuable. 23 Moreover, the utility of PRP in the treatment of cartilage degeneration and injury in joints other than the knee is largely unreported and may become a worthwhile research venue that is pursued. Aside from cartilage degeneration, the clinical use of PRP has been studied in numerous clinical and preclinical reports to determine value in the following sports medicine pathologies: Achilles tendon rupture, chronic tendinosis, chronic rotator cuff tendinopathy or tearing, muscle injury, and meniscal repair. 28 uses for PRP continue to be studied with higher levels of evidence, with the hope that more definitive conclusions can be made either in favor of or against routine use in the orthopedics. While most of the cartilage-related research on the efficacy of PRP has been devoted to its effect on chondrocytes thus far, recent studies have examined the effect of both leukocyte-rich and leukocyte-poor PRP on synoviocytes. More than 80% of normal human synovium is composed of synoviocytes that produce cytokines and matrix metalloproteinases that can mediate cartilage metabolism. While no differences in clinical outcomes have been observed till date between leukocyte-rich and leukocyte-poor derivatives, a recent laboratory study by Braun et al 33 found that leukocyte-rich PRP and red blood cell concentrates both led to significantly greater cell death and proinflammatory mediator production than leukocyte-poor PRP or plateletpoor plasma. These findings led the authors to suggest that clinicians consider using leukocyte-poor, red blood cell-free formulations of PRP when performing intra-articular procedures. Further research and clinical correlation is required in this area to determine whether clinical consequences may exist secondary to the release of catabolic proteases that may perpetuate inflammation and potentially inhibit tissue healing.
Conclusion
There are numerous basic science and clinical studies demonstrating the positive effects that PRP has on cartilage degeneration or injury, with many of the aforementioned in vivo studies exhibiting improvements in both symptoms and joint function. The improvement in symptoms after intra-articular injection of PRP in knee osteoarthritis is short-term, with many studies demonstrating declines in efficacy after 1 year. In addition, both age and degree of cartilage degeneration have an inverse relationship with the effectiveness of PRP. PRP as a treatment option for cartilage damage or injury is attractive given the low rate of adverse events observed in numerous clinical studies, its simplicity of quickly obtaining a sample of autogenous whole blood, and the absent risk of disease transmission. PRP has been used as an adjunct to several cartilage-related procedures including microfracture surgery and graft, scaffold and implant insertion. 7 Ultimately, however, recent systematic reviews on the topic conclude that there is still a paucity of high-quality data providing sufficient evidence to support or disprove the clinical utility of PRP in symptomatic osteoarthritis of the knee. 34 There is even less clinical evidence supporting its use in other joints or in the treatment of focal osteochondral defects despite the basic science evidence in favor of its use.
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In addition, not all basic science and clinical studies on PRP have concluded it has positive effects. 7 Further studiesparticularly randomized, controlled trails-to evaluate the in vivo effects of PRP on human cartilage are imperative to conclusively determine the proper patient population and expected outcomes for the use of PRP in the setting of cartilage damage and injury.
